Highlights
 Reports participatory mapping of ecosystem values in southern Norway  Examines relationship(s) between mapped values and preferences with land tenure  Land tenure has stronger association with ecosystem services than protected area status  Historical land tenure helps explain conservation effectiveness and land use conflict  Devolution of protected area management to local government favors traditional land uses *Highlights (for review)
Introduction 28
Ecosystem services describe the contribution and capacity of ecosystems to provide goods and 29 services to satisfy human needs and promote human well-being (de Groot et decades of research on institutions suggesting that private, public, or common lands alone cannot 52 ensure sustainability over time (Ostrom, 2007) . 53
More empirical research on land tenure, defined as the "set of institutions and policies that 54 determine how land and its resulting resources are accessed, who can benefit from these resources, for 55 how long and under what conditions" (Robinson et al., 2014, p. 282), is needed to increase our 56 understanding of how the spatial distribution of ecosystem services may be influenced by land tenure. 57
Institutions influence the supply and distribution of ecosystem services, but they also reflect historical 58 The research team designed, pre-tested, and implemented an internet-based PPGIS website in 271
Norwegian language for data collection. The study website consisted of an opening screen for 272 participants to either enter or request an access code, followed by an informed consent screen for 273 participation, and then a Google® maps interface where participants could drag and drop digital 274 markers onto a map of the study area. The interface consisted of three "tab" panels with the first panel 275 containing markers with 14 ecosystem values plus a marker to identify the location(s) of cabins or 276 summer farms. The selection of ecosystem values to be mapped was based on a values typology first 277 developed by Brown and Reed (2000) for participatory mapping in Alaska. The typology was modified 278 and adapted for use in Norway acknowledging there is a limit to how many types of markers a 279 respondent could map. The state and the village commons was originally built around subsistence uses, 280 therefore harvestable ecosystem values (i.e. hunting, fishing, grazing and gathering) are more 281 emphasized in this study. It is important to note that gathering is a part of the right of common access, 282 so it is an activity which could be conducted anywhere. Hunting and fishing cards have to be bought 283
Page 10 of 38 from the owner of the hunting and fishing rights (i.e., private landowner, the village or the state 284 common boards). Grazing, hunting and fishing are usually not restricted in protected areas. The second 285 and third panels on the PPGIS website contained 12 management preferences to identify locations of 286 activities or uses. The second panel identified preferences to increase a specific activity or use such as 287 grazing while the third panel contained similar markers to decrease the same activities or uses (see 288 definitions in Table 1 ). The third panel also contained a general marker where the participant could 289 locate an activity or use not listed should be increased or decreased. The typology and the management 290 preferences were presented to protected area managers in the two study areas and modified according 291 to their advice. 292
The instructions requested the participants to drag and drop the markers onto map locations 293 that are important for the values listed and to indicate how these areas best be managed-by increasing 294 or decreasing particular activities or uses. The different types of markers and their spatial locations 295
were recorded for each participant on the web server in a database, along with other information 296 including a timestamp of when the marker was placed, the Google® map view at time of marker 297 placement, and the Google® map zoom level (scale) at which the marker was placed. Participants 298 could place as few or as many markers as they deemed necessary to express their values and 299 preferences. Following completion of the mapping activity (placing markers), participants were 300 directed to a new screen and provided with a set of text-based survey questions to assess general, non-301 spatial public land management preferences and to measure respondent socio-demographic 302
characteristics. PPGIS data collection ended with completion of the survey questions. 303
304
[Insert Table 1]  305  306 Based on protected area designation, population density, and property structure, six 307 municipalities were selected (Voss, Sogndal, Luster, Skjåk, Vågå, Aurdal). These municipalities were 308 selected because of the location of the village common in Skjåk municipality. The neighboring 309 municipalities include state commons and private lands. In each municipality 10% of the adult 310 population (>18 years) were randomly drawn, for a potential 3,104 participants. The random draw was 311 based on the tax lists and provided by EVRY (https://www.evry.no/). Selected individuals were sent a 312 letter of invitation and a reminder two weeks after the initial invitation. Parallel to the random sampling 313 recruitment, we contacted a number of regional organizations, either by email or Facebook, to inform 314 them about the study and to encourage volunteer participation. The organizations contacted consisted 315 To visualize the spatial distribution of ecosystem services within the study area, we grouped 356 the 14 services into cultural (n=9), provisioning (n=4), and supporting (n=1) categories. We then we 357 generated kernel point densities using a 1 km cell size with the 3 km search radius for each of the three 358 groups of services. Using the kernel densities as a probability surface, we created and mapped 359 ecosystem value "hotspots" with isopleths that captured 30, 50, and 70 percent of the points for each of 360 the groups of values using the Geospatial Modelling Environment (Beyer, 2014). As an alternative to 361 kernel densities which smooth the point distribution, we also used a simple grid approach that divided 362 the study area into 2 km grid cells to plot the frequency distribution of ecosystem services by grid cell. 363
364
Quantifying ecosystem values and use preferences with social landscape metrics 365 366
We examined the distribution of ecosystem values and land use preferences using social 367 landscape metrics as described by Brown and Reed (2012) . The purpose of social landscape metrics is 368 to understand the structure and distribution of values and preferences across land tenure and protected 369 area categories. In addition, metrics provide a means to identify land use conflict potential (Brown & Specifically, we operationalized three variants of the conflict index as follows: 388
where C1 is the conflict index based on summed preference differences for increasing/decreasing use 393 across all 12 mapped preferences (higher index values indicate greater conflict potential), P I is the 394 number of mapped preferences for increasing the use or activity, P D is the number of mapped 395 preferences for decreasing the use or activity, P T is the total number of preferences (P I + P D ) in the area, 396 j is a specific preference and ranges from 1 to 12 preferences in this study, and V T is total number of 397 ecosystem values located in the area. The C2 index weights the C1 index by the number of preferences 398 in the area and the C3 index weights the C1 index by the number of ecosystem values in the area. 399
400
Assessment of spatial "bundles" of ecosystem services 401 402
Ecosystem service "bundles" are sets of services that appear together repeatedly (Raudsepp-403
Hearne, Peterson, and Bennett, 2010). To determine whether the mapped ecosystem services were 404 mapped in spatial "bundles", we overlaid the study area with a two kilometer grid resulting in n=4544 405 grid cells. The ecosystem values by marker type (n=14) were counted for each grid cell. The marker 406 counts for the 14 values were then factor analyzed (SPSS v.22) using principal components extraction 407 A total of 440 participants accessed the study website and placed one or more markers from 415
November 2014 to January 1, 2015. See Table 2 . Of these participants, 380 (86%) fully or partially 416 completed the survey questions that followed the mapping activity. The estimated response rate, after 417 accounting for non-deliverable letters of invitation, was 14 percent. A total of 9,039 markers were 418 mapped during data collection, with 8,560 (95%) of these markers placed inside the designated study 419
area. The number of markers placed per participant ranged from 1 to 276 with the average number of 420 numbers placed being 20.5. Approximately 75% of the markers placed were ecosystem value markers 421 with the remaining 25% being land use preference markers. 422
423
[Insert Table 2]  424  425 Most participants (91%) learned of the study directly through a recruitment letter from the 426 Arctic University of Norway. Referrals to the study website were encouraged and an estimated 9% of 427 participants learned of the study indirectly from friends, organizations, or social media. 428 Table 2 also provides a socio-demographic profile of study participants with comparative 429
Norway census data derived from Statistics Norway (2013). The mean age of participants was 49 years 430 with the majority being males (57%), with higher levels of formal education, and higher self-reported 431 household income than comparable Norwegian census data. About half of the participants were from 432 families with children. The PPGIS participation bias toward more highly educated and higher income 433 males is consistent with other reported PPGIS studies in developed countries (Brown and Kyttä, 2014) . 434 We assessed the geographic distribution of participants by plotting the number of participants 435 by their postcode which is a geographical area representing multiple households See summer farms were also mapped in the study area (n=700) and appear very important to Norwegian 451 cultural identity and lifestyle. 452
The mapping of land use preferences, in aggregate, totaled 2,454 markers in the study area. 453
The most frequently mapped preferences were to increase predator control (218/3%), increase fishing 454 opportunities (178/2%), decrease snowmobile use (174/2%), and increase tourism development 455 (172/2%). The least frequently mapped preferences were to decrease grazing (22/<1%), decrease 456 hunting (27/<1%), decrease logging (29/<1%), and decrease predator control (33/<1%). All but two 457 mapped preferences revealed a clear preference for either increasing or decreasing a particular land 458 use/activity in the study area. The preferences for development of homes/holiday homes (145/147) and 459 industrial/energy development (106/110) were split between increasing and decreasing the activity. 460
461
Association of mapped values and use preferences with land tenure 462 463
There was a statistically significant association between land tenure and mapped values 464 (Χ 2 =93.7, df=28, p < .001) with cross-tabulated frequencies appearing in Table 3 The potential interaction of protected area designation with commons land tenure was 489 examined in Table 4 . Gathering (residual=2.5) and pasture/grazing (2.3) values were over-represented 490 in protected areas only while hunting/fishing values were under-represented (-3.5). 491
Where protected area designation intersects with common land tenure, hunting/fishing (5.8) and 492 therapeutic value (3.7) were over-represented in protected status and village commons, while income 493 value was over-represented in protected status and state commons. 494
495
[Insert Table 4]  496  497 With respect to land use preferences, there were four statistically significant associations 498 (chi-square, p ≤ 0.05) with land tenure-home/cabin development, roads/ATV access, snowmobile use, 499 and predator control. See Table 5 . Participants mapped more preferences than expected to decrease 500 home/cabin development on state commons, to increase roads and snowmobile use on private/other 501 lands while decreasing both of these uses on village commons, and to increase predator control and 502 hunting activity on village commons. 503
504
[Insert The density metric (D2) controls for the size of the area under the assumption that all else 522 The metrics for land use preferences reveal that the majority of preferences (P1=57%) were 529 mapped on private/other land which also had the highest density (D2=.16). Increased predator control 530 was dominant across all land categories with the exception of private/other land, where increased 531 fishing was dominant and increased predator control was the second most frequently mapped attribute. 532
There were fewer types of preferences mapped on village commons (R=20) and the overlay with 533 protected areas (R=18) than other categories. Similar to mapped values, the diversity of mapped 534
preferences was large across all land categories. 535
The conflict index metric (C) measures the potential for land use conflict. In this study, the 536 conflict index measures the difference between mapped preferences to increase a use/activity with 537 preferences to decrease the same use/activity in the land tenure category area. The differences in the 12 538 potential uses are aggregated within the area (C1) with larger indices reflecting greater conflict 539 potential, and optionally weighted by the number of mapped preferences (C2) or mapped values (C3). 540
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In this study, the private/other tenure had the highest potential for land use conflict (C1=5.9) while the 541 overlay of village commons and protected areas had the lowest potential for conflict (C1=2.1). The 542 weighting of the conflict index by the number of mapped preferences (C2) or mapped values (C3) did 543 not change the relative potential for conflict as indicated by the ranked conflict index scores. 544
545
Assessment of spatial "bundles" of ecosystem services 546 547
To visualize the intensity of ecosystem value distribution in the study area, we grouped the 548 14 services into cultural (n=9), provisioning (n=4), and supporting (n=1 "biological diversity") 549 categories as per the millennium ecosystem assessment typology (see Table 1 ). We generated kernel 550 point densities for each group, and plotted these "hotspots" in To determine whether values were mapped in spatial ecosystem "bundles", we performed 578 factor analysis on the quantities of values found within two kilometer grid cells across the study region. 579
The results of the factor analysis appear in Table 7 . Three factors were extracted from the 14 values 580 that account for 50 percent of the overall variance. The values that load on the first factor and capture 581 32 percent of the variance are items that relate to physical qualities of place-the scenic beauty, clean 582 water, biological diversity, undisturbed character, and recreational opportunities that are intrinsic to the 583 place. The special place marker also loaded on this factor with marker annotations indicating these 584 places also had values associated with scenic beauty, undisturbed nature, recreation, or a mix of these. 585
One interpretation of this factor is that the non-cultural values of biological diversity and clean water 586 are physical place qualities that enable the cultural services identified in this factor-scenic beauty, 587 undisturbed nature, and the desire to recreate in these places. The second factor, explaining 10 percent 588 of the variance, loads values that relate more to the psychological state of the participant rather than the 589 physical qualities of place. The places where people go to socialize are also places that result in feeling 590 better physically (therapeutic/health value) and emotionally (spiritual). Places like this also tend to be 591 tourist destinations and hence the potential rationale for the loading of income value on this factor. The 592 third factor, explaining 8 percent of variance, perhaps has the most intuitive interpretation, as places for 593 provisioning-hunting/fishing, pasturing animals, or gathering items from nature such as mushrooms 594 and berries. That recreation value also loads on this factor is not surprising given that Norwegians 595 consider hunting/fishing and gathering as a type of recreation as much as a type of subsistence activity. 596
597
[Insert Table 7 The PPGIS response rate in the study was low by survey research standards (14%), but 672 within the range of other reported general public sample PPGIS studies (Brown and Kytta, 2014) . 673
There were some technical, internet access problems early in the administration of the study website 674 that prevented some users from accessing the survey. These access problems likely frustrated some 675 prospective participants, thus reducing the potential response rate by several percentage points. The 676 respondents were representative of residents living in the region on the sociodemographic variables of 677 age, income, and family structure, but somewhat biased toward higher male participation and higher 678 levels of formal education. 679
All PPGIS studies require limits on the number of spatial attributes that are requested to be 680 mapped. In this particular study, the spatial attributes were limited to those thought most important by 681 the research team after pre-testing. The research team would have liked to include more spatial 682 attributes for mapping, but participant effort to do the mapping is finite. The addition of more spatial 683 markers does not actually yield more spatial data, but simply dilutes the mapping effort across the 684 range of markers. 685
With any type of mapping activity, there will be some spatial error in marker placement. 686
Previous research on the spatial accuracy of PPGIS mapping suggests that the spatial error is often less 687 than expected and that participants achieve a reasonably high level of accuracy (Brown, 2012; Brown 688 et al., 2014) . Although the spatial accuracy of the PPGIS data collected in this study has not been 689 benchmarked, there is no evidence that study participants were more or less accurate than PPGIS 690 studies reported elsewhere. Further, an intentional design of the study was not to identify village and 691 state commons areas on the base map. Thus, spatial markers were placed by participants blinded to the 692 actual commons boundaries, allowing significant spatial associations to emerge inductively without the 693 potential for information bias. 
